The Herschel DEBRIS (Disc Emission via a Bias-free Reconnaissance in the Infrared/Submillimetre) survey brings us a unique perspective on the study of debris discs around main-sequence A-type stars. Bias-free by design, the survey offers a remarkable data set with which to investigate the cold disc properties. The statistical analysis of the 100 and 160 µm data for 86 main-sequence A stars yields a lower than previously found debris disc rate. Considering better than 3σ excess sources, we find a detection rate ≥24 ± 5 per cent at 100 µm which is similar to the debris disc rate around main-sequence F/G/K-spectral type stars. While the 100 and 160 µm excesses slowly decline with time, debris discs with large excesses are found around some of the oldest A stars in our sample, evidence that the debris phenomenon can survive throughout the length of the main sequence (∼1 Gyr). Debris discs are predominantly detected around the youngest and hottest stars in our sample. Stellar properties such as metallicity are found to have no effect on the debris disc incidence. Debris discs are found around A stars in single systems and multiple systems at similar rates. While tight and wide binaries (<1 and >100 au, respectively) host debris discs with a similar frequency and global properties, no intermediate separation debris systems were detected in our sample.
I N T RO D U C T I O N
Debris discs, analogues to the Solar system asteroid (O'Brien & Sykes 2011) and Edgeworth-Kuiper (Lykawka 2012) belts, are comprised of objects the size of dwarf planets down to submicron dust particles. Their evolution can be affected strongly by the presence of planets (Hahn & Malhotra 2005; Morbidelli et al. 2005; Lykawka et al. 2009 ), therefore one can gain a better understanding of planet formation processes through the study of debris discs with E-mail: nt15@st-andrews.ac.uk a systematic unbiased examination of the frequency of debris discs and statistical analysis of their properties.
Debris discs are produced from the destruction of bodies created during the planet formation process. They are less massive than protoplanetary discs ( 1 M ⊕ of dust; Panić et al. 2013 ) and contain very little or no gas. Dust emission from debris discs is readily observable due to their large surface area. The dust originates from collisional cascades possibly initiated by the stirring of the smaller population of planetesimals by larger objects (Kenyon & Bromley 2002) . The dust grains are heated by the central star and produce thermal emission that can be best detected in the form of a mid-and far-infrared excess where the contrast between the thermal emission of the star and the dust is most favourable.
The first debris discs were discovered (Aumann et al. 1984; Aumann 1985) with the space-based telescope IRAS (Infrared Astronomical Satellite) through the detection of large far-infrared excesses around the stars Vega, Fomalhaut, Eridani and β Pictoris. Following these pioneering results, a number of surveys dedicated to the detection and analysis of debris discs were performed with space-based instruments [e.g. ISO (Infrared Space Observatory), Spitzer] or ground-based telescopes in the near-and mid-infrared and submillimetre.
This paper presents results from the DEBRIS (Disc Emission via a Bias-free Reconnaissance in the Infrared/Submillimetre) survey which was carried out with the space telescope Herschel (Pilbratt et al. 2010) as part of the open time key programmes. The Herschel telescope is particularly well suited for the observation of debris discs due to its 70-500 µm wavelength range, sensitivity and angular resolution. The DEBRIS survey observed a volume-limited sample (within ∼45 pc of the sun) of 446 debris candidates with spectral types ranging from A to M. We direct the interested reader to Phillips et al. (2010) ; Matthews & Kavelaars (2010) and Matthews et al. (in preparation) for a detailed description of the survey. The Herschel images of discs around stars of varying ages provide a measure of how dust evolves and a measure of internal disc structure assuming a similar grain destruction mechanism is taking place in all discs in our sample.
The incidence of debris discs is typically expected to depend on the spectral type of their host stars as a result of the discs detectability being a function of the spectral type (Wyatt 2008 ) and the differences in physical properties of the discs such as the mass distribution (Greaves & Wyatt 2003) or the dust evolution (Plavchan, Jura & Lipscy 2005) . For that reason, the results for sun-like stars (spectral types F, G and K) and M stars are treated separately in Sibthorpe et al. (in preparation) and Lestrade et al. (in preparation) . In this paper, we present the 100 and 160 µm photometric fluxlimited observations of the subsample of 83 A-type primary stars made with PACS (Photodetector Array Camera and Spectrometer). A detailed presentation of PACS in given by Poglitsch et al. (2010) .
A-type stars, due to their high stellar luminosities, are ideal candidates to study the evolution of debris discs in the far-infrared with previous studies reporting debris disc rates as high as 67 per cent (with a 33 per cent lower limit; Su et al. 2006 ) and 41 per cent (Phillips 2011) .
E X C E S S D E T E C T I O N
Our sample consists of 83 stars with spectral type A. The sample is unbiased with respect to stellar properties and complete to 45 pc excepting stars with high cirrus confusion level (Phillips et al. 2010) . A summary of the observations is given in Table 1 . For each candidate, photometry measurements were derived from the PACS 100 and 160 µm maps. The spectral energy distribution (SED hereafter) of each system was computed based on the PACS photometry data and data from the literature (see Table B1 for a complete list of references). At wavelengths shorter than 9 µm, the stellar photosphere is modelled using the PHOENIX Gaia grid with the best-fitting model being found by least-squares minimization. At wavelengths longer than 9 µm, the excess emission is modelled with a modified blackbody function where, for wavelengths greater than λ 0 , the blackbody is multiplied by (λ/λ 0 ) −β . The disc is modelled with one or two blackbody components depending on the goodness of the fit. See Kennedy et al. (2012) for more details). The SED fits for the DEBRIS targets are shown in Fig. 1 . The photospheric fluxes, P 100 and P 160 , derived from the SED modelling, were then compared to the measured fluxes, F 100 and F 160 , in order to detect the infrared excess signature of potential debris discs.
The cumulative distribution functions of the observed to photospheric flux ratios R λ = F λ P λ are shown in Figs 2(a) and (b) as solid lines. The red double-dot-dashed lines show the fraction of stars for which, at a given R λ level, the photospheric flux would have been confidently detected. The fraction of stars where these lines crosse R λ = 1 indicates the fraction of photospheres that would have been detected with 3σ significance at each wavelength. We find this fraction to be 66 per cent at 100 µm, and 12 per cent at 160 µm. The green dash-dotted lines give the fraction of stars for which an excess at a 3 × e λ level could have been confidently detected, had it been present. Where e λ = (e 2 F λ + e 2 P λ ) 1/2 with e F λ and e P λ being the individual errors on the flux and photospheric values, respectively, and e F λ the dominant source of error. For example, at 100 µm e F 100 is typically 5 × larger than e P 100 for F 100 > 2 mJy. Thus, the medians of these lines indicate the typical disc detection limit we achieve in the observations. As such, we find that the median disc detection limits of our survey are R det 100 = 1.70 and R det 160 = 3.87 at 100 and 160 µm, respectively. The median detection limits are indicated as dashed vertical lines in our graphs. The long-dash lines are lognormal fits to the R λ < 1 values which, given that these must be noise and under the assumption that positive noise is as likely as negative noise, indicates the fraction of positive detections we might expect due to the noise. That fraction rapidly decreases to zero, and is below 0.5 per cent for R 100 > R det 100 and below 1 per cent for R 160 > R det 160 . For each debris candidate, the flux excess significance χ λ was calculated and used to determine whether a source has a disc detection. The excess significance at a wavelength λ, χ λ , is defined as
A disc is detected in a system when χ λ ≥ 3. The distributions of χ 100 and χ 160 are shown in Figs 3(a) and (b).
Amongst our targets, we have 18 disc detections at 100 µm and 12 disc detections at 160 µm. No disc was detected solely at 160 µm. One of the DEBRIS targets, 38 Ari (A077A, HD 17093), was found to have an excess at 160 µm only. However, based on DEBRIS and SCUBA-2 (Submillimetre Common-User Bolometer Array) data, Panić et al. (2013) conclude that the emission originates from a background galaxy. The measured fluxes and modelled photometry as well as the excesses and excess significance for the 18 debris systems are listed in Table 2 with the nine resolved discs (see Booth et al. 2013 ) being marked with asterisk. These discs will hereafter be referred to as group I discs. Moreover, three more discs are included in our analysis throughout the paper: the debris discs around Vega , Fomalhaut (Acke et al. 2012 ) and β Pic (Vandenbussche et al. 2010) . These stars are within our unbiased volume and were only excluded from DEBRIS because they were Herschel guaranteed time targets. Consequently, we find that the disc detection rates are: 21/86 = 24 ± 5 per cent at 100 µm and 15/86 = 17 ± 4 per cent at 160 µm. The debris disc detection rates errors are binomial uncertainties and are used throughout the paper. The debris discs frequency is consistent with that found by the DUst around NEarby Stars (DUNES) survey for solar type stars where for F/G/K stars, significant infrared excess was detected around 25 of the 124 stars from their sample (20.2 per cent), see Eiroa et al. (2013) .
The aforementioned DEBRIS disc incidence assumes that none of the stars with χ λ < 3 have a disc, which underestimates the actual disc incidence amongst the A-star population. Although it is not possible to infer the actual disc rate from our data sample, but only a lower limit, we can derive an upper limit by assuming that all the stars with χ λ < 3 have an excess equal to 3 × e λ . The CDFs of X λ = R λ − 1 are shown in Figs 4(a) and (b). The double-dot-dashed line illustrates the lower limit where we assume that none of the stars with χ λ < 3 have a disc while the topmost dotted line represents the upper limit where we assume that all the stars with χ λ < 3 have an excess equal to 3 × e λ . The true distribution should lie within the greyed area of the plot. At the median detection threshold X 100 = 0.70, of the full A-stars sample, 21 discs were detected while there are 23 stars above this level with no detection (χ 100 < 3). The lower limit gives a disc detection rate of 21/86 (24 per cent) while the upper limit gives a disc detection rate of 44/86 (51 per cent).
A few systems where Multiband Imaging Photometer for Spitzer (MIPS)-70 observations showed evidence of a debris disc excess (Phillips 2011) did not meet the χ 100 detection criterion: ι Cen (A013A), ι Ind (A051A), 25 Dra (A052A), q Vel (A057A), s Eri (A073A), 60 Leo (A087A), 14 PsA (A106A) and HR 7498 (A120A). Small excesses, below the χ 100 detection threshold, are measured for some of these systems: specifically, ι Cen (χ 100 = 2.08), ι Ind (χ 100 = 2.62), q Vel (χ 100 = 2.06), 60 Leo (χ 100 = 1.74) and HR 7498 (χ 100 = 1.07). These systems will hereafter be referred as group II objects. We believe these stars do have discs but with a 100 µm flux that lies below our threshold. In the case of 25 Dra, s Eri and 14 PsA, no excess was detected; however, we can now identify two point sources where only one was found with the ∼20 arcsec full width at half-maximum (FWHM) MIPS-70 beam. The 100 µm maps for these three objects are shown in Fig. 5 . These systems will hereafter be referred as group III objects. Aperture photometry carried out with GAIA (Graphical Astronomy and Image Analysis Tool) on the DEBRIS 100 µm maps, using an 8 arcsec-radius aperture (matching the first null of a 6.7 arcsec FWHM beam) and a 0.66 aperture correction factor, shows ) as a function of R 100 . F disc 100 is the measured 100 µm disc flux. Long-dash curve: lognormal fit to the R 100 < 1 values. The R 100 CDF departs from the fit for R 100 = 1.05, while the R 160 CDF departs from the fit for R 160 = 1.81. The vertical short-dash line indicates the 3σ R det 100 = 1.70 median detection limit. The vertical dotted lines indicate the R 100 = 0 and =1 values. (b) Same as (a) for wavelength 160 µm where the 3-σ median detection limit is R det 160 = 3.87.
that there is at least one background source within the MIPS-70 beam with enough flux to explain the excesses that were detected with MIPS-70. The aperture photometry measurements, made on PACS-100 maps, for the three aforementioned DEBRIS targets are summarized in Table 3 .
P RO P E RT I E S O F A -S TA R D E B R I S D I S C S

Disc temperature and fractional luminosity
Two fundamental observable parameters of a debris disc are its temperature T disc and its fractional luminosity f d . The fractional luminosity is defined as the ratio of the luminosity from the dust to that of the star,
The disc temperatures derived from the SED model fitting are listed in Table 4 . In most cases, the bestfitting model consisted of a single temperature cold disc model, with the exception of Vega (A003A), Fomalhaut (A004A), β Pic (A014A), λ Boo (A053A), γ Tri (A067A), ρ Vir (A076A), 30 Mon (A082) and δ Scl (A109AB) where the best-fitting model consisted of two components (cold and hot) disc model. The cold disc temperatures found range from 37 to 289 K with a median value of 110 K, which is within the expected 10 K up to a few hundred K range for debris discs (Wyatt 2008 it has been heated to 110 K. The temperature distribution for the cold disc components from groups I and II is shown in Fig. 6 . The fractional luminosity is a quantity used to estimate the amount of dust present in the debris disc systems. It measures the fraction of the stellar radiation that will be absorbed by the dust and re-emitted in the infrared. A histogram of the total fractional luminosity is shown in Fig. 7 . Where the best blackbody disc model consists of two components, the total fractional luminosity is the sum of of the fractional luminosities of both disc components: to ∼3.2 × 10 −3 with a median (mean) for our sample being ≈2.7 × 10 −5 (≈2.2 × 10 −4 ). The distribution can be compared to that found by Su et al. (2006, fig. 10 ), where the median fractional luminosity found was ≈5.0 × 10 −5 for their A-star sample observed with Spitzer. The faintest detected disc has a fractional luminosity f d = 0.44 × 10 −5 which can be compared to the fractional luminosity of the Edgeworth-Kuiper belt, which was estimated by Vitense et al. (2012) to be about 10 −7 (100× fainter). Moreover, under the assumption of a steady-state collisional evolution model, for a given stellar age, there is a maximum disc mass, and also fractional luminosity f max , that can remain due to collisional processing. We use the definition of f max given by Wyatt (2008) 
where dR disc is the width of the disc in au, D c is the size of the planetesimal feeding the cascade in km, Q * D is the planetesimal strength in J kg −1 , e is the mean planetesimal eccentricity, M * is the stellar mass in M , L * is the stellar luminosity in L and t age is the age of the system in Myr. The calculations are conducted assuming dR disc /R disc = 0.5, D c = 60 km, Q * D = 150 J kg −1 and e = 0.05. Hence stars older than the collisional time should have a fractional luminosity equal to f max . The ratios of f d /f max are given in Table 4 . The large spread of the values is expected to arise from the different planetesimal properties of the systems. However, an anomalously high dust content, f d f max , can be associated with systems undergoing transient events. In our sample, five discs have a high f d /f max ratio: β Pic (A014A), ζ Lep (A016A), 21 LMi (A042A), HR 7012 (A043A), HR 1139 (A113A). Since these five stars have a blackbody disc radius ≤20 au, a high ratio would be normal were the stars younger than ∼10 Myr as is the case for β Pic and HR 7012. However, for the remaining stars, the ratios are not high enough to conclude on the transient nature of the dust.
Disc radius
If one assumes a disc made of blackbody like dust grains with a temperature T disc uniformly distributed in a thin torus of radius R disc and negligible width around a star of radius R * and effective temperature T * , R disc can be derived from the following relationship (Backman & Paresce 1993) 
We list the values of the disc radii in Table 4 . The distribution of radii inferred from our observations is shown in Fig. 8 . The derived radii, R cold disc , range from 3 to 236 au with a median (mean) disc radius value ofR cold disc ∼38 au (R cold disc ∼64 au). However, disc temperatures can be hotter than blackbody temperature because the emission is dominated by the smallest grains, whose temperatures can be hotter than blackbody due to long-wavelength emission inefficiency. As such a blackbody disc radius is only a representative measure, and we expect discs to be a factor of a few larger than this. Booth et al. (2013) in their fig. 6 show the resolved radii plotted against blackbody radii for a few DEBRIS A stars. See also Rodriguez & Zuckerman (2012) for a detailed analysis of the resolved to blackbody radii ratios. They found a median resolved to blackbody disc radii ratio of ∼3.4. Resolved and blackbody radii are listed in table 7 and shown in fig.  9 of Rodriguez & Zuckerman (2012) .
The lack of discs with small radii (i.e. <10 au) arises both from the excess detection limits and the age of our unbiased debris discs with 16/21 stars in the 100-800 Myr range. These limitations on the range of observable disc radii were demonstrated by Wyatt et al. (2007) and are illustrated here in Fig. 9 which can be compared to fig. 4 from Wyatt et al. (2007) . Fig. 9 shows fractional luminosity as a function of the blackbody disc radius. The dashed (dotted) lines show the expected maximum fractional luminosity, f max ∝ R 7/3 disc , as defined by equation 18 from Wyatt (2008) , for the 10, 100 and 1000 Myr old debris discs around A0 (A9) stars that are sustained by the collisional processing. Both lines are for the median excess detection threshold. For example, discs older than 100 Myr should lie below the 100 Myr maximum luminosity line. The solid line Table 2 . Observed and predicted PACS photometry. Group I: DEBRIS targets with confirmed disc detections. Astrisks (*) indicate the discs that are resolved with PACS (see Booth et al. 2013 for more details).
Group II: DEBRIS targets that had a confirmed disc detection with MIPS-70 but do not meet the detection threshold with PACS-100/160. Group III: DEBRIS targets that had a confirmed disc detection with MIPS-70 which is now rejected due to a nearby background source at the time unresolved. The Herschel The CDF of X 100 = R 100 − 1 for the entire DEBRIS sample including the three GTO targets is shown as a solid line. The same distribution for the disc population is expected to lie within the greyed area of the graph. The upper limit, topmost dotted line, is derived assuming that all the stars with χ 100 < 3 have excesses at the level of 3 × e 100 . The other two dotted lines show the expected distribution had the excesses been 2 × e 100 or 1 × e 100 . The lower limit is calculated assuming that all the stars with χ 100 < 3 have no excess (double-dot-dashed line). (b) Same as (a) for wavelength 160 µm. shows the excess detection threshold at 100 µm while the dotdashed line shows the excess detection threshold at 160 µm. The combination of the ages of the debris disc candidates and the higher threshold hinders the detection of discs with smaller radii (i.e. higher temperatures). When the debris discs are resolved it is possible to measure the angular size of the disc from the images, see Booth et al. (2013) for a detailed study of the resolved debris discs around A stars in the Herschel DEBRIS survey. They derived resolved radii for nine of the DEBRIS A stars (marked with an asterisk in Table 2 ) and found that the resolved radii vary from ∼1 × to ∼2.5 × the blackbody radii.
Disc mass
The disc mass can be derived from the fractional luminosity and disc radius as described by equation 7 from Wyatt (2008) :
where
β is a factor that accounts for the modified emission spectrum for wavelengths greater than λ 0 as described in Section 2. Therefore, M disc corresponds to the disc mass in millimetrecentimetre-sized dust that would be inferred from an 850 µm flux measurement using a standard opacity of 1.7 cm 2 g −1 for comparison with other submm studies. For a uniform approach, since resolved radii are not available for all the DEBRIS discs, blackbody radii are used to derive the dust masses. As a result, the estimated Table 4 . Results from SED model fitting. The cold/hot designations for the two temperature disc models do not refer to specific temperature ranges but to one component being colder/hotter than the other one. The maximal fractional luminosities f max are derived using the spectral types and ages listed in Table 2 .
Group I A003A Vega HD 172167 150 ± 28 23.9 ± 8.9 48 ± 6 235. dust masses are lower limits due to the resolved radii being 1-2.5× larger than the blackbody radii. The distribution of the dust masses found around our A-star sample is shown in Fig. 10 . The masses we found range from 10 −6.0 to 10 −2.2 M ⊕ with the median disc mass being 10 In Fig. 11 , we show a plot of M disc as a function of R cold disc . We find that the median disc mass is lower for smaller discs (radii smaller than median blackbody radius), withM disc ≈ 10 −3.8 M ⊕ , than for larger discs (radii larger than median blackbody radius), withM disc ≈ 10 −2.4 M ⊕ . This is in agreement with the steady-state collisional model which predicts that the same initial mass closer to the star will be processed more quickly than material at greater distances. The dashed (dotted) lines show the expected ∝10 13/3 Figure 8 . Distribution of the blackbody disc radii derived from blackbody fits to our observations. Light-shaded bars: single systems from group I. Dark shaded bars: multiple systems from group I. Hatched bars: systems from group II. Figure 9 . Fractional luminosity versus blackbody radius for A-stars debris discs. The circles are the single stars while the diamonds are the multiple systems. The left-filled symbols indicate stars with disc detection at 100 µm while right-filled symbols indicate stars with disc detection at 160 µm. The median detection thresholds at 100 and 160 µm are shown as solid and dashdotted lines, respectively. The lines of maximum fractional luminosity, f max , for ages of 10, 100 and 1000 Myr are shown with dashed lines for spectral type A0 and with dotted lines for spectral type A9. The sources located above the thin continuous grey line (which divides the sample into two bins) have a median age of 223 Myr while the source located below the thin continuous grey line have a medium age of 450 Myr indicating that older stars tend to be further to the right-hand side of the plot. maximum mass inferred from the maximum fractional luminosity, f max for the 10 and 1000 Myr old debris discs around A0 (A9) stars. The lines were calculated using X = 22.83, which is the median value for the DEBRIS sample.
Disc evolution
Although it is not possible to follow the evolution of individual discs, having a sample of debris disc systems spanning a large range of ages allows us to map the evolutionary trend of the disc population as a whole. Moreover, assuming all discs evolve similarly, it can ultimately be used to refine disc evolution models. In order to generate plots of the excess ratios and fractional luminosities as a function of stellar age for all objects, we combined the DEBRIS data with age estimates taken from Vican (2012), Nielsen et al. (2013) , Nakajima & Morino (2012) , Zuckerman et al. (2011 ), Rebull et al. (2008 , Monnier et al. (2012, Vega) , Mamajek (2012, Fomalhaut) and Zuckerman et al. (2001, β Pic) . For stars with two isochrone ages we used their averaged value as stellar age.
The evolution of 100 and 160 µm excesses with stellar age are illustrated in Figs 12(a) and (b) . Both graphs show that there is a slow decay of the excesses as a function of stellar age (noted t hereafter) with a ∝t −1 upper envelope. Moreover, our data show that the debris disc emission remains observable for the entire length of the main sequence with some substantial debris emission found around some of the oldest stars in our sample.
The distribution of the fractional luminosity as a function of stellar age is shown in Fig. 13 . Also shown on this plot are evolutionary tracks for planetesimal belts from Wyatt et al. (2007, fig. 5 left) . The tracks are based on a steady-state collisional evolution model, which is one of the several models for debris disc evolution that have been proposed to interpret the data available to date. A detailed review of these models was presented by Wyatt (2008) . They can be divided into two groups: steady-state collisional evolution models with or without delayed stirring, and stochastic models with infrequent collisions, dynamical instabilities or interactions with passing comets or stars. Steady-state collision models seem to hold true for most debris discs as was demonstrated by Wyatt et al. (2007) . In such models, a collisional cascade is initiated resulting in planetesimals collisions which eventually grind them down to dust. The fractional luminosity remains constant until the largest planetesimals start to collide and then follows a ∝t −1 evolution, as illustrated in Fig. 13 . The 100-au planetesimal belts (dash-dotted curves in Fig. 13 ) start with lower initial fractional luminosities and reach the turn over later than the smaller 10-au belts (dashed curves in Fig. 13 ). More massive discs start with higher fractional luminosities and reach the turn over earlier than less massive discs ultimately reaching the same values. Models that treat the collisional evolution of planetesimal belts in more detail find slightly different age dependences in different regimes (Löhne, Krivov & Rodmann 2008; Gáspár, Rieke & Balog 2013) ; however, these models can also be approximated reasonably well by a flat then 1/age fall-off.
The fractional luminosity data for the DEBRIS sample can be fitted with a ∝t −0.65 ± 0.09 power law as shown in Fig. 14 , where the fractional luminosity is plotted as a function of stellar age with symbol sizes that scale up with the estimated blackbody radius of each disc. The slow fall-off rate originates from the DEBRIS sample being a collection of discs with a range of sizes and initial masses which each will follow their own evolutionary track. The larger discs population (blackbody radii larger than the median radius) have fractional luminosities that can be fitted with a ∝t 0.26 ± 0.16 power law while for smaller discs the fractional luminosity follows a ∝t −1.02 ± 0.13 power law. This supports the prediction from the steady-state collisional evolution model described above.
D E B R I S D I S C PA R E N T S TA R S
Properties of the parent stars
We have examined the occurrence of debris discs around A-type stars as a function of the properties of the parent stars with the 100 µm debris disc rate for each subsample being listed in Table 5 . Our findings can readily be compared to the results from a similar study which was conducted by Phillips (2011) (51/86) and 41 per cent (35/86) of the whole sample, respectively. The debris disc detection rates in these two metallicity bins are similar with 26 ± 6 and 23 ± 7 per cent of the stars in each subsamples hosting debris discs. Thus, debris disc brightness does not depend on metallicity. Similar results had been found by Phillips (2011) for A-type stars and Greaves, Fischer & Wyatt (2006) for F/G/K-type stars.
In a similar manner, the A-star DEBRIS sample was split into two effective temperature bins at the median value ofT eff ∼ 8200 K. The debris disc detection rates in these two temperature bins are 16 ± 6 and 33 ± 7 per cent, respectively. More discs are detected around the hotter stars in the DEBRIS sample which can be explained by the relationship between stellar effective temperature and age, with T eff being higher for the younger stars. For stars older than 150 Myr, we find a −0.6 Pearson correlation coefficient between T eff and the stellar age while for the younger stars there is no correlation. Figure 15 . DEBRIS A stars placed in an H-R diagram with the debris systems being plotted with circles (single systems) and diamonds (multiple systems) and non-debris systems with triangles. The colour scale of the symbols is indicative of the age of the systems. The positions of the debris systems in this diagram show that the debris discs tend to be found around stars closer to the zero-age main sequence. Zero age main-sequence lines for Z = 0.02 and 0.001 (Schaller et al. 1992 ) are shown as dotted and dashed lines, respectively.
The disc incidence rate remains the same across the luminosity range with the number of detections being the same in the two luminosity bins split at the median valueL * = 19.8 L . Likewise, subsamples split at the median stellar radiusR * = 2 R were studied, with a higher debris disc rate being found around the smaller A stars in our sample.
We finally looked at the debris disc occurrence into two age-split subsamples which was found to be higher amongst the younger stars in our sample as can equally be seen in Fig. 12(a) . The age dependence of the debris disc detection is also demonstrated in Fig. 15 which places the DEBRIS A stars in an Hertzsprung-Russell (H-R) diagram with the debris systems being plotted with circles and non-debris systems with triangles, the colour of each symbol indicating the age of the system. The H-R diagram in Fig. 15 shows that younger stars, closer to the zero-age main sequence, are the most likely to have debris. Smaller stars (not yet swelling up above the main sequence) and hotter stars (shorter main-sequence lifetimes) thus tend to show debris more often. Higher luminosity stars are a blend of intrinsically young hot stars and more-evolved cooler stars, and so the debris incidence is an average over different ages, typical of the sample as a whole.
Multiplicity of the parent stars
With the typical orbital distances of companion stars and the extent of debris discs being similar, the properties of the debris discs can be expected to differ whether they belong to multiple systems or not. Companions dynamically influence the debris disc formation and evolution with, for example, the generation of gaps or truncated discs.
The DEBRIS A-star sample is comprised of 35 multiple systems and 51 single systems. The classification of multiplicity was made by Rodriguez et al. (in preparation) as part of a comprehensive multiplicity study of the DEBRIS stars. Debris discs have been detected in 9 of the multiple systems and 12 of the single systems therefore the disc detection rates are 9/35 (26 ± 7 per cent) and 12/51 (24 ± 6 per cent) for the multiple and single systems, respectively. Debris discs can be found around A stars irrespective of the presence of a companion, with similar incidence of debris discs among the single systems and the multiple systems. This contradicts the findings by Trilling et al. (2007) who found an incidence of debris discs higher in binary systems than around single stars. However, the difference has been subsequently attributed to the use of a lower disc detection threshold as extensively discussed by Phillips (2011) . We then used two-sample Kolmogorov-Smirnov tests (K-S test hereafter) in order to compare the distributions of the disc properties for single and multiple systems. We do not find any statistically significant dependance on multiplicity for the debris disc parameters (excess, temperature, fractional luminosity, radius and mass). Table 6 highlights some of the median disc parameters for both multiple and single systems. The median disc temperature for multiple systems isT disc = 120 K which is comparable to the value found for single systemsT disc = 107 K. A K-S test performed on the two samples gives a p-value of 0.99 which signifies that they could have been drawn from the same distribution. The median fractional luminosity is almost twice as high for single systems, as was found by Rodriguez & Zuckerman (2012) , withf d = 4.12 × 10 −5 compared tof d = 2.18 × 10 −5 for single and multiple systems, respectively. Nevertheless, a K-S test performed on the two distributions gives a p-value of 0.99 which indicates they could have being drawn from the same distribution.
Lastly we studied the occurrence of debris discs as a function of the companion separations. The multiple systems where debris discs are found fall into two categories: tight binaries with separations smaller than 1 au where the disc is circumbinary (separation/disc radius <10
−2 ) and wide binaries with separations greater than 100 au where discs are circumstellar (separation/disc radius >10). Within our sample, three discs are found to be circumbinary (α CrB, ζ Eri, β Tri) while six discs are found to be circumstellar (Fomalhaut, β Leo, HR 7012, σ And, δ Scl, β PsA). A histogram of the projected separations is shown in Fig. 16 . The distribution is characterized by the absence of debris systems with intermediate separation (1-100 au), with the non-detection of debris discs within that separation range being a 1.7 per cent probability event under the hypothesis that debris discs systems have the same separation distribution as non-debris disc systems. Phillips (2011) found a similar gap with no systems having detected MIPS-24/MIPS-70 excess in the 3-150 au range. The lack of systems with 1-100 au separations was also observed by Rodriguez & Zuckerman (2012) . In such systems, the disc/companion interaction leads to disc truncation and impacts its evolution by accelerating its dissipation. As such one can expect that the gap in the separation distribution does not originate from intermediate separation systems being less likely to host debris discs but from our sample comprising of systems (median age 450 Myr) which have already cleared out their discs. Based on our sample of debris systems, we conclude that discs around tight binaries and wide binaries are indistinguishable from discs around single stars. The absence of debris systems with intermediate separation can be attributed to the system having evolved much faster due to the disc/companion interactions and the discs being undetectable.
S U M M A RY
83 main-sequence A stars were observed at 100 and 160 µm as part of the DEBRIS project. Including the three Guaranteed Time Observations (GTO) targets forms an unbiased sample of 86 A stars. Within this sample, we detected debris disc excess emissions for 24 ± 5 per cent of our targets at 100 µm. Our debris disc detection rate is lower than what was previously found for A stars (Su et al. 2006; Phillips 2011) and is comparable to the debris disc rate around main-sequence F/G/K stars. However, this is a lower limit and we cannot exclude that the excess rate could be as high as 51 per cent at the median detection threshold of 1.70.
We find that the amount of detected excess emission decreases with stellar age as previously established by Rieke et al. (2005) . However, debris discs with large excesses are found around some of the oldest stars in our sample, leading to the conclusion that the debris phenomenon can survive throughout the entire length of the main sequence which is consistent with the detection of debris disks around the subgiant descendants of main-sequence A stars (e.g. Bonsor et al. 2013) .
Nevertheless, debris discs were detected predominantly around the youngest and hottest stars of our sample with 2/3 of the discs being found around stars younger that the median age (<450 Myr) of our sample.
No dependence of the debris disc incidence rate on the stellar metallicity nor on the stellar luminosity was found.
We found that the occurrences of debris discs around A stars in single and multiple systems are comparable. Similarly to Phillips (2011), we did not detect debris discs in systems with intermediate separations. The debris discs being found are either around tight <1 au or wide >100 au binaries. A likely explanation is that discs in intermediate systems have evolved much faster due to the disc/companion interactions and the discs have become undetectable to the limits of Herschel's sensitivity. Finally, we found that the discs detected in tight and wide binary systems are statistically no different than discs around single stars.
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